Abstract. Perameles gunnii is a small to medium-sized omnivorous marsupial. We measured milk components from Week 4 until weaning at Week 8; these showed marked quantitative and qualitative changes. The milk produced in the early stages of lactation was dilute, ~28% solid (w/w). At four weeks carbohydrate, protein and lipids were also at low levels: 2.0 g (100 mL) -1 , 4.5 g (100 mL) -1 and 3.1 g (100 mL) -1 respectively. At the mid-phase of lactation solids reached 36%, carbohydrate 5.5 g (100 mL) -1 , protein 10.0 g (100 mL) -1 and lipids 8.5 g (100 mL) -1 . The energy content of the milk at 4 weeks of lactation was 2.25 kJ mL -1 while at pouch vacancy it reached 8.86 kJ mL -1 . At 8 weeks the pouch young was almost weaned and all the constituents but carbohydrates had increased significantly. We compared the milk components of the eastern barred bandicoot with those of other marsupial species and with the Wombaroo milk formula used by zookeepers and carers to hand-raise orphaned bandicoots. We found the milk formula to be deficient in both protein and lipid.
were removed. Young that were attached to the teat were removed by applying a little pressure to their mouth area. The pouch young were wrapped in a towel and kept in a humidicrib at 35°C in a quite room for 3-5 h. Young older than 7 weeks were kept in small calico bags. The young were weighed and head measurements obtained and used to estimate age, as in Heinsohn (1966) Milk was allowed to accumulate in the mammary glands for 3-5 h, depending on the age of the young. Animals younger than 7 weeks old were separated from their mother for no more than 3 h. The lactating animals were anaesthetised with isoflurane via an oxygen-delivery machine (ISOTEC 3, Mediquip, Ohmeda, England) . Immediately before milking, an intramuscular injection of 0.1 mg kg -1 oxytocin (10 IU per millilitre Syntocinon; Sandoz, Australia) was administered. The teats and the surface of the mammary gland were cleaned with distilled water and wiped clean with paper tissue. When the milk appeared at the tips of the teats, almost 1 min after the injection, it was collected by sucking the milk using a milking apparatus after applying a little pressure by massage to the mammary gland (Smolenski and Rose 1988) . Average sample volumes were in the order of 100 µL. Immediately after milk collection, the samples were stored in the freezer at -20°C until analysis.
The average litter size for these animals was 2.4 (n = 2-3 per animal) and the maternal body mass 1167 ± 48 g. The milk samples collected were from lactating females with pouch young aged 4-8 weeks old. Milk samples were obtained from one mother at Week 4 of lactation, two at Week 5, four at Week 6, seven at Week 7 and six at Week 8 of lactation.
After the milking procedure, the mother was given oxygen to ensure her safe recovery. The young were then placed in the pouch and reattached to the teats; they were returned to the cage before the lactating female totally recovered from the influence of anaesthesia.
Milk analysis

Total solids
Approximately 50-80 µL of whole milk was pipetted into preweighed small plastic vials and weighed. The milk was then ovendried at 100°C for 24 h and then cooled in desiccators for 30 min before reweighing. The dry weight divided by the wet weight of milk provided an estimate of the total amount of solids present in the milk. All weights were made to the nearest 0.0001 g on a Mettler AE 100 balance.
Lipids
The lipid fraction of the whole milk samples was determined using the micro-method of Lucas et al. (1978) . These researchers found that, by centrifuging small quantities of milk, the cream and liquid fat separated into layers distinct from the almost-transparent milk serum. The height of the fat layer (cream and liquid fat) could then be expressed as a percentage of the total height of milk in the column (% crematocrit). The technique has been tested for accuracy by comparison with gravimetric and triglyceride analytic methods (Hudson et al. 1979) and has been particularly useful in the estimation of the fat content of marsupial milk when only small quantities were available (Lucas et al. 1978; Crowley et al. 1988; Smolenski and Rose 1988) .
Procedure: Up to 75 µL of milk were drawn up by capillarity into 75 × 1.5 mm (outside diameter) glass haematocrit tubes and flame sealed. The tubes were spun in a centrifuge for 15 min at maximum speed (3500 rpm) in a MSE Minor centrifuge equipped with a haematocrit attachment. The creamatocrit value was then determined as outlined above.
The Roese-Gottlieb ether-extraction method (Howitz 1980 ) was used to standardise the technique with samples from Weeks 6, 7 and 8 only, due to inadequate milk samples. Previous studies with lipid have verified that the micro-method of Lucas et al. (1978) provide similar results to the Roese-Gottlieb method (Smolenski and Rose 1988; Munks et al. 1991) . The milk samples that we have been able to verify with the Roese-Gottlieb method gave similar results with the micromethod of Lucas et al. (1978) .
Protein
The protein-dye binding method described by Bradford (1976) was used to determine the protein fraction of the whole milk samples.
After preparation of the protein reagent the final concentrations in the reagent were 0.01% (w/v) Coomassie Brilliant Blue G-250, 4.7% (w/v) ethanol, and 8.5% (w/v) phosphoric acid. The solution was stored at room temperature for a maximum of five days.
Bovine serum albumin was used as the standard. The protein concentration was plotted against the corresponding absorbance resulting in a standard curve used to determine the protein in unknown samples. A standard curve of Bovine serum albumin dilution (in distilled water) ranging from 0.01 g (100 mL) -1 to 2.5 g (100 mL) -1 was prepared for the protein analysis.
Carbohydrate
The whole milk samples were analysed for their carbohydrate content (total hexose), using the phenol-sulphuric method of Dubois et al. (1956) as modified by Messer and Green (1979) to compensate for the presence of unequal amounts of specific hexose (glucose and galactose) in marsupial milk.
Lactose (α-Lactose, crystalline Sigma) was used to make up the standard solutions. The blank consisted of 0.2 mL deionised water, 1 mL 3.55% (w/v) phenol solution, and 3.0 mL concentrated sulphuric acid. A standard solution curve was calculated using lactose-diluted concentrations ranging between 10 g (100 mL) -1 and 1000 g (100 mL)
.
Energy content of milk
Milk energy content was calculated from the averaged measured milk components using energetic equivalents of 37.0 kJ g -1 , 17.0 kJ g -1 , and 16.0 kJ g -1 for lipid, protein and carbohydrate, respectively (Thomas and Corden 1977) .
Growth rate
The growth rate for the pouch young of the eastern barred bandicoot was calculated according to Maynes' (1976) formula:
where Ln(W 1 ) and Ln(W 2 ) are the natural logarithms of body mass (g) at days T 1 and T 2 .
Statistical analysis
Means were compared with one-way repeated-measures ANOVA (SPSS 10.0 for Windows 98) with P < 0.05 being regarded as statistically significant for the solid, lipid, carbohydrate and protein concentrations during lactation (5-8 weeks). Tukey post hoc analysis for differences between individual means were used. Means are given ± standard errors. The data obtained from the 4-week-old lactating female could not used in the statistical analysis due to insufficient numbers in this group (n = 1).
Results
Solids
Solids concentration increased linearly during the lactation period. At 4 weeks post partum the milk solid levels were 28% w/w; at 7 weeks they had reached 46.3%, and when juveniles were almost weaned (8 weeks), solids were significantly higher (P = 0.001) than in previous weeks, at 54% w/w (Fig. 1a) .
Lipids
Lipid was low at 4 weeks of lactation (3.1 g (100 mL) -1 ); during Weeks 5-7 it increased linearly up to 8.6 ± 1.3 g (100 mL) -1 . A significant increase occurred at 8 weeks of lactation (P = 0.001) when the lipid concentration doubled to 17.4 ± 0.7 g (100 mL) -1 (Fig. 1b) .
Protein
At 4 weeks post partum the milk protein concentration for a single animal was 4.5 g (100 mL) -1 ; at 5 weeks this increased to 6.0 ± 0.2 g (100 mL)
-1 and at 6 weeks the protein had reached a mean of 10.2 ± 0.01 g (100 mL) -1 . Finally, at pouch vacation (8 weeks) protein concentration reached 12.08 ± 0.58 g (100 mL) -1 , the maximum protein concentration (P < 0.05) observed during the lactation period (Fig. 1c) .
Carbohydrate
At 4 weeks, carbohydrate concentration was low and doubled by 6 weeks, to 4.47 ± 0.12 g (100 mL) -1 ; at 7 and 8 weeks it dropped to the initial values (Fig. 1d) . Figure 2 is a comparative graph of the third-order polynomial curves for energy, lipid. protein and carbohydrate.
Energy content of milk
The pattern of change in energy content was similar to that for lipid content, starting at 2.25 kJ mL -1 at 4 weeks of lactation and rising to 5.48 kJ mL -1 at 6 weeks; finally, at pouch vacation it was 8.86 kJ mL -1 (Fig. 3) . Lipid provided the major proportion of milk energy during lactation, with an average percentage of 59.11% ± 3.88; protein provided 29.98% ± 1.85 of the energy while carbohydrate had the lowest impact, with a percentage of 10.92% ± 2.28 (Fig. 3) .
Lactation in the eastern barred bandicoot 
Growth rate
The mean changes in growth of the young bandicoots from Weeks 4-8 are shown in Fig. 4 . A single value for growth rate over the period of milk sample collection was calculated and the mean value for the pouch young between Days 28 and 56 was 4.78 × 10 −2 ln g day -1
Discussion
Lactation
The duration of lactation in the barred bandicoot (9 weeks) is very short when compared with that of many other marsupials. For example, similar-sized marsupials, the eastern quoll, long nosed potoroo and Tasmanian bettong, all have lactation periods longer than 20 weeks (Green et al. 1987; Smolenski and Rose 1988) .
The gradual increase in solids concentration over time during lactation followed a similar trend to that of the northern brown bandicoot (Merchant and Libke 1988) , the long nosed potoroo (Smolenski and Rose 1988) , the brushtailed bettong (Merchant et al. 1994 ) and the tammar wallaby (Green et al. 1980) .
The linearly increased profile of protein concentration during lactation, reaching 12 g (100 mL) -1 , is similar to that of other marsupial species. Lipids and total solids followed a similar linear pattern, with a significant increase to 17.4 g (100 mL) -1 for lipids and 54% for solids by pouch vacation. The change in milk composition of the eastern barred bandicoot reflects its growth pattern. In this study, the protein concentration of the eastern barred bandicoot was similar to that found for studies of the northern brown bandicoot, the long nosed potoroo, the Tasmanian bettong and the brushtailed bettong (Merchant and Libke 1988; Smolenski and Rose 1988; Merchant et al. 1994) . The protein concentration levels for the common ringtail possum were also similar at the first-and mid-stage of lactation (Weeks 5-14), but then at Week 15 they reached a peak of 8.4 g (100 mL) -1 , and rose rapidly at the end of lactation (Munks et al. 1991) . On the other hand, the common brushtail possum is one of the few species whose protein concentration remains relatively high (5 g (100 mL) -1 ) by the end of lactation (Cowan 1989 ). The different rates of protein concentration change of the common brushtail possum and the eastern barred bandicoot may reflect different dietary intake or lifestyle. While the bandicoot is omnivorous (Heinsohn 1966 ) the possum is folivorous (Jolly et al. 1996; Krockenberger 1996) .
Carbohydrate concentrations change dramatically during lactation in marsupials. Merchant and Libke (1988) showed that the carbohydrate concentration of the northern brown bandicoot (Isoodon macrourus) initially was low (similar to that of the eastern barred bandicoot), and then rose steadily. Near the end of pouch life there was a slight decline and by the end of lactation the carbohydrate concentration was almost the same as during early lactation. On the other hand, the long nosed potoroo, the Tasmanian bettong and the brush-tailed bettong, which are all rat-kangaroos, are some of the marsupial species that have high carbohydrate concentration from the early stages of lactation (~9-10 g (100 mL) -1 ). Most marsupials have low carbohydrate concentrations by the end of lactation and the eastern barred bandicoot is no exception.
The lipid concentration of the eastern barred bandicoot steadily increased during Weeks 4-8 of lactation. The total lipid concentration in the milk of marsupials is low during the early stages of lactation and as lactation proceeds lipid increases while total hexose declines (Green and Merchant 1988) . The rise in milk fats coincides with the emergence of pouch young in macropodids or the deposition of young in nests, as occurs in the Dasyuridae and the Peramelidae. The young at this stage presumably require an increased energy supply to facilitate thermoregulation and for the increased muscular activity associated with independent movements and skeleto-muscular support (Rose 1987) .
We can speculate that at the end of lactation the eastern barred bandicoot has a high lipid concentration in its milk to compensate for a low carbohydrate concentration. The eastern barred bandicoot has a low carbohydrate concentration in the early and late stages of lactation, while in the mid-stage the maximum value was 5.5 g (100 mL) -1 -a low value in comparison with those of other marsupial species.
The calculated energy content of the milk of the eastern barred bandicoot increases from 2.25 ± 0.14 kJ mL -1 at 4 weeks to 5.48 ± 0.33 kJ mL -1 at 6 weeks and at the end of lactation reached 8.86 ± 1.04 kJ mL -1 . A similar pattern is observed in the northern brown bandicoot (Merchant et al. 1996a) , the long nosed potoroo and the Tasmanian bettong (Smolenski and Rose 1988) . In the early stages of lactation the energy transferred via milk is converted to growth for the pouch young, but pouch emergence requires increased energy for locomotor activity and thermoregulation for the young (Rose 1987; Merchant et al. 1989) . In most species this energy is provided by lipid (Rose 1987) .
The pouch young of the eastern barred bandicoot has a higher growth rate (4.78 × 10 −2 ) than most other marsupial young, e.g. Setonix brachyurus (2.52 × 10 −2 ) (Shield and Woolley 1961) , M. eugenii (1.98 × 10 −2 ) (Murphy and Smith 1970) , Bettongia gaimardi (4.56 × 10 −2 ) (Rose 1984) ,
Pseudocheirus peregrinus (1.95 × 10 −2 ) (Munks et al. 1991) ,
and Potorous tridactylus (3.7 × 10 −2 ) (Bryant 1989) . The different growth rates in marsupials may be related to the different energy intakes and milk-consumption levels during pouch life (Rose 1987; Rose et al. 2003) . Cockburn and Johnson (1988) observed that peramelids grow more rapidly than other marsupials, possibly due to the sharp increase in milk fats that coincides with the deposition of young in nests (Green and Merchant 1988 ; this study). The fast growth rate of the eastern barred bandicoot and the short lactation period (lasting up to 60 days) is a common characteristic of Perameles species. At the end of lactation in most marsupial species there is a 'switch' from carbohydrate to lipid as the major energy source in milk (Green and Merchant 1988) . Oftedal (1984) suggested that low rates of growth in the developing young of primate species correlate with low milk energy yield. The pattern of change in milk composition in the eastern barred bandicoot may be common to omnivorous marsupials. There Lactation in the eastern barred bandicoot Table 1 . Comparison of the milk components of the eastern barred bandicoot with those of other marsupial species and with the Wombaroo milk formulae suggested for bandicoots E, early lactation; L, late lactation; M, mid-lactation (these periods are based on Marshall et al. 1990) . References: 1, this study; 2, milk formula; 3, Merchant and Libke (1988); 4, Crowley et al. (1988) ; 5, Smolenski and Rose (1988); 6, Merchant et al. (1994); 7, Krockenberger (1996) ; 8, Lemon and Barker (1967); 9, Muths (1996) ; 10, Merchant et al. (1989); 11, Green (1984) ; 12, Munks et al. (1991) Species Duration of Carbohydrate (g (100 g) -1 ) Protein (g (100 g) are many similarities with the milk components of the northern brown bandicoot (Merchant and Libke 1988) during lactation, the only other bandicoot species studied. The changes in milk components secreted by P. gunnii are likely to be associated with high growth rate during lactation. The milk yield is impacted directly by the diet or indirectly via selection for a short lactation period compared with those of other marsupial species (Heinsohn 1966) .
In Table 1 we compare the milk components of the eastern barred bandicoot with other marsupial species from previous studies and also with the Wombaroo milk formula, which is used mainly by zookeepers to hand-raise orphaned bandicoots on the mainland (Victoria) (P. Myroniuk, personal communication) and by 'carers' in Tasmania (S. Bryant, personal communication) . There is considerable variation between the components of the Wombaroo formula ('kangaroo milk') and the milk of the eastern barred bandicoot. The carbohydrate concentration in the early and mid-phase of lactation for the eastern barred bandicoot is much lower than that of the Wombaroo milk. Protein demands are much higher for the eastern barred bandicoot than is provided by Wombaroo milk during the mid and late stages of lactation. The values for the lipid concentration are also higher in bandicoot milk than in kangaroo milk throughout lactation. Our findings suggest that this milk substitute requires additional protein and lipid.
